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BACKGROUND OF THE INVENTION 

The present invention relates to analytical equipment for performing electrochemical assays on 
microbial samples. In particular, the present invention relates to electrodes for use in such analytical 

5 equipment. . . .. „ ,. „ 

Accurate and rapid determination of microbial activity is essential in many areas, including pollution 
™ n *m- ^.ran™ in the food, drink and drugs industries; and clinical analysis of bodJy fluids and 

other medical samples. _.. 
For a long time, the standard method for the enumeration of bacteria has been an agar plate count. This 

w method has many disadvantages, especially the time needed to obtain results. Even with the fastest growth, 
18 hours is needed for visible colony formation, and then there is the task of counting the colonies. 

There have been proposals to employ bioelectrochemical cells or fuel ceils for assaying of micro- 
biological samples. For example, amperometric determination of viable cell numbers based on sensing 
microbial respiration is described in Appl Microbiol Biotechnol (1981) 12. 97; the use of a microbial fuel cell 

,s for the rapid enumeration of bacteria is described in Appl Microbiol Biotechnol (1988) 28. 26; and an 
investigation of a simple amperometric electrode system to rapidly quantify and detect bactena is descnbed 
in J Appl Bacteriol (1989) 66, 49. Further aspects of amperometric bioassay systems are descnbed in EP 
190470 and 238322, and GB 2181451 and 2181558. among other examples. Some of these sysieu.s 
employ a filter to capture microbial cells at the electrodes, after which the determination is effected. 

OBJECT OF THE INVENTION 

The aim of the present invention is to permit development of analytical equipment for electrochemical 
determination of microorganisms and other cells which can be repeatedly used to give reliable results. 

25 

SUMMARY OF THE INVENTION 

The present invention provides analytical equipment for a bioelectrochemical determination of microor- 
ganisms or other cells in a liquid sample using a working electrode and a reference electrode. The working 
so electrode, the reference electrode, and a filter for retention of solids in the vicinity of the electrodes are 
provided as a disposable element The analytical equipment has receiving means for releasably receiving 
the disposable element. 

Since the electrodes and filter are provided as a disposable element, the user of the analytical 
equipment does not have to set up the electrodes and arrange the filter. A greater degree of certainty and 
35 reliablity is introduced by employing the disposable element, which may be carefully manufactured as a 
sealed unit under controlled conditions to a consistent quality. 

The disposable elements themselves are part of this invention, and in further aspects, the present 
invention provides methods of assay for microorganisms or other cells which methods employ the 
disposable elements. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The disposable element in conjunction with the associated analytical equipment is suitably designed for 
through-flow use to trap any cells in the sample, effecting concentration and allowing washing. At present a 
45 generally planar disposable element is preferred, especially, for use with the electrodes and filter extending 
generally horizontally, and with flow through the element being generally vertical. 

The fitter of the disposable element may be interposed between opposed electrodes, or in alternative 
constructions, the filter can be upstream of the electrodes. The choice of filter material depends on three 
main criteria: good retention of biological cells (90% or better); adequate flow rate at a given pressure; and 
so reasonable resistance to blockage. The last two criteria affect the volume of a particular sample that can be 
introduced and hence the degree of concentration obtainable. 

Particularly suitable filters are depth filters, especially glass fibre filters (for example, as manufactured 
by Whatman or Millfpore). Other filters can be employed, such as membrane filters, charge-modified filters, 
and so on. Alternative forms of filters might be adopted, including capture matrices such as ant.bod.es or 
55 lectins immobilised on beads. The filter may be housed in a housing made from two halves fitted together. 
These two halves can be made in an injection moulding process. Furthermore, meshes can be employed to 
encourage the desired flow and distribution of liquid through the filter. 
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disposable devices. A suitable ^atei^l ma^be graDhite f^nfor p^ S ' V r * the manufac * re °< 

graphite felt tends to provide high etonca. reS' e 2.' ° n f 7 ' 62000 Le Carbone >- Howe ^ 
* been found that good resu(ts £ J££ Z h ^ S T ° f 0,18 '" nVentipn - * has 
preferred aspect, one or more of the electrodesTscreen prild 3 

potentials in aqueous media. TSZle^T^T^ T"* have known - abs *te electrode 
» circuit, particularly when curren StS (10- A or ^ ^ *° * eXternal 

. chloride reference electrode S) ' ^^"v Purred is a printed silver/silver 

•lMxx.es htt platinum. goW o, ^.TlT, « ,T S "" a " S *» ««*< 

the electrodes. The response of printed eleSX «o hli ^S'derably easier to make contacts to 
20 graphite felt, but a little lower. Zeve? tSslesI * f ^ ° f ^ Same ° rder 35 »*» ob ^ned with 
background currents. ' * ' S con W«ed 'or by better and more controllable 

^LtS'^t Slst^ iS —* ^rmed by printing or 

instance polyvinyl chloride, >c") ^ ^ ma,rix or 

be effectively used. In practice, a buffeJ wH^aS £1 LtT.H ^ *"* °' 601,1 electrode * to 
Present, before the sampte is W^^TT^ES "S^i 1 ^ direCti ° n t0 ^ ^ * 
wth buffer and introduction of compounds Ln'g JSE^Si USefU " y ,0 " 0Wed * ^ 

■ — uced has a single 

preferably trough more than one aperture, **** °' *" *"* ** 

*<-° d °^ «* is ^digitated with a reference 

electrode. The close proximity of reference and wn7 ^"^P 6 e,ectr ° d * interdigitates with the other 
«he irking etectrode'surface A ZZZZt2 C n »*" ^ °' "» a 

electrodes are suitably printed onto oZ^S^JZj?^ > V* 6 PM to Silver ink - 
allow liquid flow: a central aperture in ■*» ^ Z£IL . ™° °' SCS - punched in the discs 

the other disc being suitable. The discs el enTJ ^ T *** Wes in 

a glass-fibre filter disc, to give a disposable element 6 h °' der 00 either side «♦ 

-o -c^^ a Pvc or other p.astics substrate with 

carbon ink. and an outer referen *^ screen-printed in organic-based 

concentric design is preferable to ^^SJS^rT^TT S8veM8ver Ch,oride ^ 
electrode design can be envisaged, ZTZXTmZ ZT T"™™ P0,entia ' « A «^e- . 
two electrodes or opposite them * " *" d C ° Unter electrode > in the plane of the other 

BJxaTgSs sssii's^-r by 7 sui,ab,e 

The filter electrode assembly is preferabN Z * spnn 9-' oaded <* otherwise biased, 

use of the disposable element, ^C^SSTLSS^ T*V" * e ™° 
fused to ensure single use of the disposable eZTnfForexln^^ ' C ° ndUC,,n9 ' ink which ma V b « 
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larger voltage. 

The use of the fusible link has wider application, for example, a range of disposable elements can be 
provided with different uses, each type within the range having a fusible link with a characteristic resistance. 
It can then be arranged that the analytical equipment can distinguish between different resistance types, 
and make use of this information, including to optionally display or otherwise indicate the type of disposable 
element which has been placed in the equipment. 

More generally, the fusible link can be employed in disposable elements which do not have a filter. 
Disposable elements comprising a working electrode and a reference electrode are described, tor example, 
in EP 127958, and in "Biosensors Fundamentals and Applications" eds Turner, Karube and Wilson, OUP, 
1987. 

In accordance with a further aspect of this invention, there is provided a disposable element for use in 
analytical equipment for an electrochemical determination, the disposable element comprising a working 
electrode, a reference electrode, and a fusible electrically conducting link which may be fused to ensure 

single use of the disposable element. 

The disposable elements lacking a filter are preferably manufactured in accordance with the disclosure 
in EP 127958 (published 12 December 1984), which is incorporated herein by reference and to which the 
reader is now specifically referred. For example, the working electrode may incorporate a mediator and/or 
an enzyme. Such disposable elements may be designed as generally planar elements, as shown in EP 

127958. Printed electrodes are preferred. 

However, disposable elements without filter may have utility beyond mediated and like assays, and their 
general use in electrochemistry is envisaged by the present invention. The user of the analytical equipment 
does not have to set up the electrodes as before, and a greater degree of certainty and reliablity is 
introduced by employing a disposable element, which may be carefully manufactured as a sealed unit 
under controlled conditions to a consistent quality. 

The disposable element, with or without filter, is advantageously packaged in a sealed packet, for 
example a packet made of plastics-coated aluminium which may be opened at the point of use. 

The analytical equipment is preferably configured in conjunction with the disposable element such that 
there is only one way in which the disposable element can be received in the receiving means. The 
receiving means preferably comprises a generally horizontal recess accessed from above by a door, though 
other constructions are possible, including a horizontal slot accessed horizontally, a drawer, a vertical slot 

accessed vertically, and so on. 

For preference, the engagement of the disposable element in the analytical equipment results in 
automatic alignment of fluid paths and electrical connections. The analytical equipment typically has its own 
pump, supplies of buffer, and other components. For automation of sample feeding and electrical 
measurement, microprocessor control is preferred. In order to ensure consistent results and maximised 
responses, the analytical equipment suitably includes a heater for incubating the microorganisms retained 
on the filter. An air bubble sensor can be included, in order to detect air bubbles and thereby avoid false 
results. A suitable sensor comprises two electrodes in the fluid path. 

In one method in accordance with the present invention, a respiratory assay is carried out, employing 
an artificial mediator compound. The precise mechanism by which respiration assays function is unclear. 
The process of respiration in the bacterium involves oxidative degradation of a substrate, with consequent 
abstraction of electrons. These electrons pass between redox agents sited in the membrane of the cell, 
which include proteins such as the cytochromes, and small lipophilic molecules such as quinones. In 
aerobic respiration the electrons eventually participate in the reduction of oxygen. In anaerobic respiration, 
nitrate, fumarate, or other compounds can function as terminal oxidants. It is to be assumed that artificial 
mediators which are capable of becoming reduced in the presence of respiring bacteria do so by 
abstracting electrons from one or more of the redox agents in the membrane. 

For a respiration assay, the disposable element of this invention is temporarily secured in the analytical 
equipment. The sample is brought in to contact with the filter, for example by flowing the sample through 
the disposable element, thereby capturing microorganisms on the filter. A solution of a mediator compound 
is then brought in to contact with the electrodes and the filter, and thus with cells captured on the filter. The 
working electrode is, then poised at an effective potential. If the potential is such that chemical species in 
the solution can be reduced or oxidised at the working electrode, a current will flow through the external 
circuit. This current flow at the electrodes can be monitored. By comparison with results obtained under 
standardised conditions, a quantitative assay becomes possible. 

Micro-organisms or other cells which may be assayed by the use of the present invention include 
Gram-positive bacteria, Gram-negative bacteria, fungi, algae, cyanobacteria, yeasts, single cell cultures, and 
other microbes. Specific examples of cells which may be assayed include Pseudomonas fluorescens , 
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Salmonella t yphimurium , Listeria monocytogenes , and Escherichia coli 

Mediators such as ferrocene and ferrocene derivatives maTbe adopted in this invention. Other 
mediators which may be adopted include quinones, phenazine methosulphate. and especially p-ben- 
zoqu.none. The mediator is preferably supplied as a solution of effective concentration 

s The use of a filter in the disposable element allows microorganisms to be concentrated from the 
sample, and I permits washing of the sample. For example, reductants present in orange juice (such as 
ascorbic acid) m.ght mterfere with a respiratory assay, but such reductants may easily be flushed away 
allowing measurements to be taken on the microbes alone. y ' 

,„ -t 1 ^ an K al r iCa ' eq " ipment of me P fesent inve "tio n ™»y be used for enzyme assays by addition of 
tSUSSm active moiety, and for immunoassays using enzyme- 

vJl f nzy T. a8Say - ,he dis P°sable element is temporarily secured in the analytical equipment. The 

IS ,h r 9 * "* me ,i,ter " A of a " en2 V me «*** is then brought in to 

contact with the electrodes and the filter, the substrate being substrate for an enzyme of the organism The 

ofTsub^rm 7 Ver5i0n « "» 10 3 ^ havi "9 e'-troacUvity different to that 

I ^deteJted The work,n 9 electrode is poised at an effective potential and current flow at the electrodes 

Using such an enzyme assay, certain species or groups of microorganisms can be identified 
characterized or quantified on the basis of enzyme activity. For example, possession of a.anine arnZj 

20 tidase activity ,s correlated in a great many cases with Gram-staining behaviour. Such enzyrn^ fuS 
include the am.nopeptidases; specifically, pyrrolidonyl aminopeptidase (pyroglutamy. aminopeptidase), E C 
a Vhn h 7 desa,b ° d ,rom Pseudomonas fluorescens. the enzyme has been found to have widespread 
alttough not universal, distribution among bacteria. The most comprehensive study (J Gen Microbiol (197oj 
g. 9) oMs distnbution investigated some 2354 strains of the Enterobacteriaceae. and'found 451 of these to 

25 display the enzyme activity. ~ 1 « ■»•» "i mese ro 

In a preferred enzyme assay, a substrate is employed which on reaction in the presence of the enzyme 
2!!!' 3 : eP ° rter 9™P f which ^ electrochemicany active in free solution but not when coup.ed to the 
substrate. For example, for pyrrolidonyl aminopeptidase. a suitable substrate is N.N-dimethyl-N'-pyr- 

so 1T£^T1T"!T The / e,eased moiety "P°" bydro.ysis is dimethylphenylenedianSe. 

T^ZvZVe T P ! 3k 3 + 1 9 ° mV VS SCE> ,he UnreaC,ed subs,ra,e oxidisi "9 on| y the region 

, 5 ThUS - bV SefeC,in9 3 P 018 ^ 3 ' of about +250mV vs SCE for the assay, the two 
substances can be distinguished. 

a ,i„? e d£ ? Cti0n °' baCteiia in ,he res P ira,ion assay- and the determination of specific bacterial enzyme 
act.vit.es, allows respectively quantification of total biomass and of certain groups. A further aspec!7the 
35 present invention resides in an immunoassay format. P 

To this end the present invention provides a method of assaying immunologically for microorganisms 

let 5? ^ ; ^ ° n *" ana,y1iCal eq ° ipment and ,he dis P° sab,e etemen,s c °^ing the woZg 
electrode, the reference electrode, and the filter. The disposable element is temporarily fixed in ih! 

analytical equipment. The sample is brought in to contact with the fitter, followed by a solution of ^ 

«o enzyme-labelled antibody, the antibody (monoclonal or polyclonal) being one which immunSeaS 1 a 

micZr Sm ? 66 determined - ^ ,abel,ed «*o* binds to. immobilised microbial an«gen on 
m,croorgan,sms trapped at the fitter. Excess unbound reagent can be removed by a wash procedure, and 
the enzyme label associated with the filter can be quantitated. To this end. a solution of a substrate is 
s EES , ^ T' *" eleCtr0deS 3nd the ,il,er ' being substrate for the enzyme of the enzyme- 
£2£ t ^ 6 labe,,in9 enZyme iS a " 0Wed ,0 cata ^ conversion of the substrate to a produc™ 

c^TJZ'?^ T °' th l SUbS,rate - By P0isi "9 * e worki "9 a. an effective potential. 

^ T,t *** odt * can monitored. The magnitude of the current produced by oxidation (or 
reduction) of the product at the working electrode can be related to the microbial loading on tte filter 
■ This method allows discrimination of different strains within the same species, or of different species or 
. different serotypes within the same genera. For example, detection of E. coli is possibte using a motse anti 
SJS^ C, °" a ' an,ibody and anti-mouse alkaline phosphatase conjugate, the fitter being preferably 

22S 1 TP V CdUCe n0 "- SPeCifiC bindin9 reaCtions - A mouse an « E - coli monoclonal antibodj 
labelled w.th alkaline phosphatase represents another suitable reagent 

i sensitir e onhr a r th< S °! inVent, '° n ' * ' S Preferred t0 minimise ba ^9'ound currents, in view of the 
sensitivrty of the assay. The true zero response is closely defined, in order to discern small signals above 

TZ *Z °" e ?f h0d iS ,0 USS a " ex P erimen,al P«*«ol in which a blank measurement is made 
at the start of the procedure, after which sample is introduced, the reaction performed, and a second 
current measurement made in which the results of the reaction are assayed. The response of the instrument 
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to the sample is then the difference between the two measurements. 

The present invention will now be further illustrated with respect to the accompanying drawinqs in 
which: y 1 

5 SUMMARY OF THE DRAWINGS 

Figure 1 shows an exploded view of a disposable element according to the present invention; 
ngure 2a, 2b ana 2c respectively show a view from above, a vertical cross-section, and a printed base 
plate for another disposable element according to the invention; 
10 Figure 3 shows a continuous tape providing multiple disposable elements of this invention; and 

Figure 4 shows a perspective view in open configuration of analytical equipment according to the present 
invention; 

Figure 5 shows stages in an immunoassay of the present invention; and 

Rgure 6 shows graphs of measurements taken on an pyrrolidonyl aminopeptidase system of Example 7. 
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EXAMPLES OF THE INVENTION 



Fvamnla 1 



20 Disposable Element 

Rgure 1 is an exploded view of one embodiment of a disposable element of this invention. Considered 
from the bottom of the figure, the element comprises a base plate 10 with central aperture 11 and printed 
working electrode 12, reference electrode 13, fusible link 14 and electrical contacts 15; an adhesive layer 
25 16; a filter membrane 17; a backing mesh 18; an impermeable centre spot 19; an adhesive ring 20* a 
diaphragm 21 with counter electrode 22; an adhesive layer 23; and a top cover 24 with central aperture 25 
Coaxial apertures 26 extend through to the electrical contacts 15 on the base plate, and apertures 27 
through to the counter electrode. 

When sample is pumped through the disposable element, the diaphragm 21 flexes away from the filter 
so 17 to allow liquid flow fully across the filter. When pumping ceases, the diaphragm relaxes and the filter is 
then held in close contact with the electrodes. 

Example 2 
35 Disposable Element 

Figure 2 illustrates the currently preferred construction for a disposable element of this invention A 
base plate 30 of pvc serves as the electrode support. There are two concentric electrodes comprising a 
working electrode 31 screen-printed in organic-based carbon ink, and an outer reference electrode 32 
screen-printed in silver/silver chloride ink, and including a fusible link 40. The base plate has one central 
aperture 33 for liquid ingress. An upper sheet 34 is formed to hold a filter disc 35 of glass fibre in place A 
two-step recess is formed in this sheet, so that when the element is assembled, the filter disc is crushed 
slightly around its edge, discouraging leakage of fluid round the edge of the filter. 

Outlet of fluid is through eight apertures 36 in a circle: this ensures that the whole extent of the filter 
withm the second step of the recess is used for filtration. To further ensure the maximum possible flow rate 
a dimpled texture with dimples 37 is formed on the upper sheet within the eight outlet apertures. This holds 
the filter away from the back wall of the disposable when under pressure. Three apertures 38 in the upper 
sheet expose the electrode and fuse contacts 39. Although pvc is used for both halves of the disposable 
element, other plastics such as polycarbonate could be used. While the upper sheet of pvc is thermoformed 
into shape at present, this component could equally be injection-moulded in polystyrene, or made in other 
ways. 

After assembly pf the two sheets of pvc with filter disc, the two halves are adhered together with 
transfer adhesive, or alternatively using thin (<5nm) double-sided tape or liquid glue printed sprayed or 
rollered. The disposable is then punched out into its final shape, which is essentially rectangular with 
rounded corners and a notch on the left hand side ensuring correct insertion into the housing shown in 
figure 4. * 

In a further embodiment shown in Figure 3 of the disposable element, the disposable elements can be 
provided as a continuous tape, as illustrated in the figure in partially exploded form, with a continuous 
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bottom nbbon 46 carrying the electrodes, a continous filter ribbon 47. and a continuous embossed upper 
nbbon 48. Such a tape « particularly useful with analytical equipment having an automated steSeTeed 
for sequentially feeding the elements in turn in to position for repeated assays 



5 Example 3 . 

Analytical Equipment 

,» wJ 1 " u eWS 0< fi9Ure 4 9enera " y inMe lhe analytical e W"ient 50 in accordance with this invention 

2 Th 3 5 h ? 3 9enera " y h0ri20nta, reC6SS 52 ,0f receivi "9 a dis ^able elemen S^and rn^s 

(not shown) for flu.d handling, temperature control, and electronic hardware. The equipment is delnilo 

connections t0 ihe diSFWsab ' 8 e,ement placed * - ™ 

computer associated interfaces and micro disc drive. The unit carriJout the 

i) maintains the filter cell at a preset temperature. . 

ii) pumps through the cell measured quantities of sample and reagents. 

hi) applies a potential and measures the resulting integrated current response 
20 rv) calculates the microbial concentration. 

v) inputs data from the user such as batch numbers, sample data, and outputs the result of the assay 

vi) stores the results and data and printed output. » wine assay. 

vH) checks at all stages for errors such as end of reagent, previously used cell or fluid blockage and 
provides interlocks to prevent mishandling. u'WKage, ana 

* The analytical equipment of Figure 4 with disposable elements of Figure 2 can be employed for 
.nstance. in a respiratory assay, for which the following protocols are appropriate: em P'°yed. for 

A. Simple protocol 



30 1. Introduce sample... 

2. Wash with buffer/electrolyte. 

3. Introduce mediator/buffer/electrolyte. 

4. Incubate for specified period at specified temperature. 

5. Apply potential and measure current. 



35 



B. Protocol with lower-value calibration 



1. Flush system with mediator/buffer/electrolyte. Wait for specified temperature. 

2. Apply potential, measure current. Record as null value. 
*o 3. Wash with buffer/electrolyte. 

4. Continue from (A1) above. 

Example 4 
45 An Immunoassay 

61 ont^r'fio'^TM SamP ' e iS Pa * S6d thr ° U9h ,he diSp0Sable e,ement 0f fi 9 ure 2 > <W"0 bacteria 
a sLon oflihS * e """Pie are removed by a wash reagent, which is followed by 

a soluton of ant.body-enzyme conjugate 62. The antibody used is designed to bind specifically with a 
so particu ar genus, species (or serotype) of microorganism and is covalently coupled to an en y me reporter 

E' o '! e,eGt, '° n - F0 "° Win9 3 Simpl9 W3Sh S,ep to remove moSZ Zme 

abet now .nt.mately associated with the filter is quantified with an appropriate substrate 63 Th Kne 

(such as alkalme phosphate) converts substrate to an electroactive product, in known manner wrZ 
concentration » determined by oxidation/reduction at the electrode surface 64 

55 im^ 6 C " f . r ! nt iS ,he " in dir6Ct pr0p0rtion t0 the number °< bac tena trapped in the filter The 

immunoassay format thus not only allows identification of specific bacteria (by virtue of the anfoen anObody 
interaction), but also direct enumeration of the species concerned * 
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Example 5 

A respiratory assay 

5 Following insertion of the disposable element of Figure 2 in to the housing of Figure 4, 10 ml of 
phosphate/chloride buffer (100mM sodium phosphate, 100mM sodium chloride, pH 6.8, containg 10mM 

nlllPOSf^ wa<? nnmnArl in an i inwarH riWc*r>Vir\r> Cim^lA \»>o«-» -j *„n» i i i . _ _ ■ 

medium components from the filter. The assembly was next flooded with the buffer solution, containing 
1.25mM p-benzoquinone. The whole was then incubated at 37 typically for 10 minutes, after which time 
w a potential of + 400mV vs Ag/AgCI was applied to the working electrode and the current recorded. 

The following table shows the responses (uA at t = 30 seconds, corrected for background) obtained for 
four different microorganisms at various dilutions in appropriate media. 



Microrganism 


cfu/ml 


response 


Bacillus cereus (NCFB 1771) 


1 x10 7 


4.2 




1 X10 5 


0.5 


Pseudomonas fluorescens NCTC 10038) 


2 x10 s 


8.0 




2x10 s 


1.0 


Escherichia coli (NM 522) 


1.3 x 10 8 


10.0 




1.3x10 s 


1.6 




1.3 x 10* 


0.6 


Serratia marcescens (ATCC 14756) 


7.7 x 10 s 


23.6 




7.7 x10 s 


4.5 




7.7x10* 


1.0 



30 Example 6 

Screening of Bacteria 

The response of a benzoquinone respiration assay with several species of bacteria was tested, and the 
35 relative responses of the different bacteria measured. The reaction was carried out in 100mM sodium 
phosphate buffer, pH6.8, containing 100mM sodium chloride. Glucose was included at 10mM, and p- 
benzoquinone was present at 1.25mM (p-benzoquinone was obtained from BDH, and recrystallised from 40- 
60 • petroleum ether). Bacteria were grown in either nutrient broth (Gibco BRL) or in yeast glucose broth 
(nutrient broth plus 0.3% w/v yeast extract; 0.5% (w/v) glucose, pH6.8) but were washed and resuspended 
40 in 100mM sodium phosphate pH6.8; 100mM sodium chloride; 10mM glucose prior to assay. Bacteria were 
either added directly to the cell along with mediator solution, and incubated at known temperature for a 
given time, or the incubation was performed remotely from the cell and the solution transferred to the cell 
for measurement. The currents were normalised for cell numbers (as estimated by standard plate count) 
and expressed relative to the response of E. coli NM522 taken as 100. The results are presented in the 
45 following table. 



Table 



50 




Response 




Bacillus badius ATCC 14574 


50 




Bacillus cereus NCFB 1771 


3098 




Bacillus sphaericus ATCC 14577 


375 




Bacillus subtilis NCFB 1769 


2159 


55 


Escherichia coli NM522 


(100) 




Pseudomonas fluorescens ATCC 25289 


4.5 




Salmonella typhimurium ATCC 13311 


50 
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Data for Bacillus cereus and Bacillus subtilis are included in trip t*hi« h„* ^ ■ , 



Example 7 



70 



Enzyme activity was assayed using both mammalian pyrrolidonyl aminoDeotida.™ an n «,„ « 
naturally present in Pseudomona s fluorescens ATCC 25289 A IiLtT f 1 6 en?yme? 

mammalian enzyme «^5=Sd5. FfcSlg -SSiSiSaTc^MTr, - 

substrate. A calibration curve for Ps mtnw JL T J ns " u * pM a3 » 25 c - 10 °mM NaCI, 1mM 
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Further Examples 



Claims 



55 1 -Sn— 

conducting M which may be fused to ensure single use tZ5£2£ZZX ,US ' b ' e 
3 o Z i^r^r"" 1 t0 C,a,m 1> Wherein the electrode incorporates a mediator 

" JLtto'Tl^ t0 ^ — - dispose element further 



35 4 ' primeT^ e ' ement aCCOfdin9 l ° 3ny Pr6Cedin9 C,aim - wherei " « '^s« one of the electrodes is 
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